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Cells infected with the wild-type (WT) strain of channel catfish virus (CCV) secreted a glycoprotein with an apparent molecular
mass (MM) superior to 200 kDa into the culture medium. This protein, designated gp250, was the sole viral glycoprotein detected
in the culture medium after [3H]mannose labeling of the infected cells. When cells were infected with the attenuated V60 strain,
a glycoprotein of 135 kDa (designated gp135) was detected instead of gp250. Because WT gene 50 is predicted to encode a
secreted, mucin-type glycoprotein, we expressed this gene transiently and detected a glycoprotein of the same apparent MM as
gp250 in the culture medium of transfected catfish cells. The increased mobility in SDS–PAGE of the secreted V60 glycoprotein
correlated with the presence of a major deletion in V60 gene 50. Therefore, we concluded that gp250 in the WT and gp135 in the
V60 strains are both likely encoded by gene 50. An important shift in the relative mobility of gp250 in SDS–PAGE was observed
after tunicamycin treatment of infected cells labeled with [3H]glucosamine, confirming the presence of N-linked sugars on gp250.
We observed variations in the size of PCR products derived from gene 50 amplification in three different field isolates. Such genetic
variations are a characteristic feature of mucin genes and are linked to crossing-over events between internal repeated
sequences, such as those present in gene 50. © 1999 Academic Press
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dINTRODUCTION
Channel catfish virus (CCV; Ictalurid herpesvirus-1)
auses acute to chronic hemorrhagic disease in young
hannel catfish, Ictalurus punctatus (Wolf and Darlington,
971). The genome of CCV is predicted to encode 77
enes, with 14 present at both ends of the genome
Davison, 1992). The low level of homology between the
redicted CCV proteins and higher vertebrate herpesvi-
us proteins led Davison to propose the classification of
his fish virus into a new subfamily. In particular, no
lycoprotein homologs such as gH or gB, which are
onserved among the Herpesviridae family (Roizman,
996), can be assigned on an amino acid sequence
asis. Viral membrane glycoproteins play important roles
n the pathogenesis of herpesvirus infections. They me-
iate entry of the virions into cells and their cell-to-cell
preading. They also influence tissue tropism and host
ange (Manservigi and Cassai, 1991; Spear, 1993). Few
ata are available concerning the characterization of the
CV glycoproteins. Mass spectrometry analysis of puri-
ied virus revealed that the major envelope protein of
CV is encoded by gene 59 (Davison and Davison, 1995).
his protein is likely to be N-glycosylated (four potential
ites) and inserted into the viral envelope because it
ossesses four stretches of hydrophobic residues. Mul-
1 To whom reprint requests should be addressed at Av. I. Geyskens,
9, B-1160 Brussels, Belgium. Fax: 32-2-675-21-33. E-mail: nvdheijd@Ten.vub.ac.be.
042-6822/99 $30.00
opyright © 1999 by Academic Press
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220iply hydrophobic proteins are a feature of all herpesvi-
uses, but CCV is unusual in that such an entity forms the
ajor envelope protein.
We predicted previously that ORF50 might encode a
lycoprotein, based on the analysis of its corresponding
mino acid sequence (Vanderheijden et al., 1996). This
rotein possesses a potential, cleavable signal se-
uence and is likely to be heavily N-glycosylated (35
otential sites). The central part of ORF50 protein is
omposed of sequence repeats rich in threonine, ala-
ine, glycine, and proline residues. These repeats are
ypical of mucin-type glycoproteins, a class of proteins
ainly characterized by a high level of O-linked glyco-
ylation. The lack of a C-terminus hydrophobic anchor
egion suggests that ORF50 protein is secreted.
Few viral glycoproteins are secreted on herpesvirus
nfection (Randall et al., 1980), and their function in the
iral cycle is still unclear. The glycoprotein gG of herpes
implex virus 2 (HSV-2) and its homologous proteins in
he other alphaherpesviruses are generally secreted into
he medium of infected cells as a result of a proteolytic
leavage of their transmembrane anchor region (Keil et
l., 1996). The gG homologues possess conserved cys-
eine residues and few potential N-linked glycosylation
ites; O-glycosylation, as well as glycosaminoglycosyla-
ion (Engelhardt and Kiel, 1996; Keil et al., 1996) or sul-
ation (Bennett et al., 1986; Pennington and McCrae,
977), has been also described. In vivo, viral mutants
eleted in gG are fully virulent (Kimman et al., 1992;
homsen et al., 1987) or show a slightly attenuated phe-
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221CHANNEL CATFISH VIRUS GENE 50otype (Kaashoek et al., 1998). Herpesvirus saimiri, a
ammaherpesviridae, encodes a complement control
rotein homolog (CCPH) that is secreted once an alter-
ative splicing of its mRNA removes the intron that en-
odes the transmembrane domain (Albrecht and Fleck-
nstein, 1992). This glycoprotein regulates serum com-
lement by inhibiting C3 convertase activity (Fodor et al.,
995).
The secretion of a high apparent molecular weight
lycoprotein was detected on infection of catfish cells
ith different strains of CCV. Our results strongly suggest
hat this glycoprotein is encoded by gene 50 and that
igh amounts of both N- and O-glycans are associated
ith this actively secreted glycoprotein.
RESULTS
etection of a high-molecular-weight glycoprotein in
he culture medium of infected cells
CCV-infected cell culture supernatants were examined
or the presence of secreted viral glycoproteins. Cells
ere infected with the wild-type or the attenuated V60
trains of CCV (Noga and Hartmann, 1981) and labeled
ith [3H]mannose to specifically detect N-glycosylated
roteins. The culture medium and the cells were har-
ested before cell lysis, around 20 h postinfection (p.i.).
t that time, cells developed into polykaryocytes joined
y strands of cytoplasm and formed a syncytia network
asily detachable from the culture plate. Cells and viri-
ns were removed from the medium by successive cen-
rifugations, and 10 ml of the supernatant fraction was
ubmitted to SDS–PAGE analysis and autoradiography. A
trongly labeled band of apparent molecular mass supe-
ior to 200 kDa (designated gp250) was detected in the
ild-type (WT) sample (Fig. 1, lane 2), whereas it was
bsent in the V60 strain sample (Fig. 1, lane 1). Con-
ersely, a less strongly labeled band migrating as a
35-kDa glycoprotein (designated gp135) in the V60
FIG. 1. Autoradiography of an 8% SDS–PAGE analysis showing the
3H]mannose-labeled proteins present 20 h p.i. in the medium of BB
ells infected with the V60 strain (lane 1), the WT strain (lane 2), or
ock-infected (lane 3). The apparent molecular mass (kDa) of the
14C]-labeled protein standards (Amersham) is indicated in the right
argin.train sample but absent in the WT or in the mock- anfected cell samples was observed (Fig. 1, lane 3). A
lycoprotein in the mock-infected sample migrated as
p250 but was much less intensively labeled. Except for
p250 and gp135, the other glycoproteins observed in
oth WT and V60 supernatants were also present in the
ock infected cell supernatant (Fig. 1, compare lanes 1
nd 2 with lane 3) and thus do not represent virus-
pecific products.
Recently, we predicted that CCV ORF50 could encode
secreted glycoprotein (Vanderheijden et al., 1996). The
RF50 protein is likely to be heavily N-glycosylated (35
otential sites) but also O-glycosylated. The attenuated
60 strain of CCV (Noga and Hartmann, 1981) possesses
deletion of 388 amino acids in the central domain of the
RF50 protein, encompassing most of the potential O-
nd 24 N-glycosylation sites (Vanderheijden et al., 1996).
his major deletion should increase the relative mobility
n SDS–PAGE of the glycoprotein encoded by ORF50 in
he V60 strain. Although the calculated molecular mass
f the ORF50 protein is 64 kDa, the presence of sugars
an substantially reduce the mobility of glycoproteins in
DS–PAGE analysis. Consequently, we postulated that
RF50 could encode gp250 in the WT and that the
eletion in the V60 strain ORF50 could lead to gp135, the
runcated version of gp250. The loss of sugar residues
ould account for the less intensive labeling observed for
p135 (Fig. 1, compare lanes 1 and 2). Nevertheless, a
ifference in protein stability could also account for this
esult.
RF50 expression in BB cells
To characterize the protein product potentially en-
oded by ORF50, we expressed ORF50 in BB cells in the
resence of [3H]mannose. The WT strain ORF50 was
loned in an eucaryotic expression vector under the
ranscriptional controls of the human cytomegalovirus
HCMV) immediate–early gene promoter/enhancer and
he SV40 polyadenylation signal, resulting in plasmid
UT50EX. The HCMV promoter is very efficient in direct-
ng gene expression in fish cells (Bearzotti et al., 1992).
B cells were transfected by electroporation using
UT50EX or a control plasmid, pCMVb, expressing b-ga-
actosidase under the control of the same HCMV pro-
oter. Directly after the pulse, transfected cells were
adiolabeled with [3H]mannose. Culture medium sam-
les of the transfected cells were taken at 21 and 42 h
osttransfection and analyzed by SDS–PAGE and auto-
adiography. A glycoprotein of apparent molecular mass
f .200 kDa was detected 21 h posttranfection in the
ulture medium of BB cells transfected with pUT50EX
Fig. 2, lane 2) and accumulated with time (Fig. 2, lane 4).
lycoproteins of lower apparent molecular weight were
lso detected, but they were present in BB cells trans-
ected with either pUT50EX or pCMVb (Fig. 2, lanes 4
nd 5) and thus do not represent specific products re-
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222 VANDERHEIJDEN ET AL.ated to gene 50 expression. These results indicate that
lthough the calculated molecular mass of WT gene 50
670 amino acids) is 64 kDa, a glycoprotein of much
igher apparent molecular weight is synthesized and
ecreted in transfected BB cells. This [3H]mannose-
abeled protein displays in SDS–PAGE the same mobility
s gp250, the secreted glycoprotein observed in BB cells
nfected with WT CCV (Fig. 2, compare lanes 1 and 2).
hese data highly suggest that gene 50 encodes gp250
nd that the secretion of gp250 is not dependent on
irus-specific processing events.
lycosylation study of gp250
BB cells were infected with WT CCV and labeled with
3H]glucosamine to analyze the glycosylation of gp250.
3H]Glucosamine is incorporated into N- and O-linked
ugars, in contrast to [3H]mannose, which labels only
-linked sugars (Bennett et al., 1986; Wenske and Court-
ey, 1983). The supernatant fraction of WT-infected BB
ells labeled with [3H]glucosamine and analyzed by
DS–PAGE is shown in Fig. 3, lane 6. A glycoprotein
dentified as gp250 because it had the same relative
obility as gp250 was the only supernatant protein de-
ected. Treatment of the infected cells with 3 mg/ml
unicamycin was performed to inhibit the cotranslational
ddition of N-linked sugars on gp250 (Heifetz et al.,
979). This treatment does not inhibit the addition of
-linked sugars (Bennett et al., 1986; Dekker and Strous,
990; Olofsson et al., 1983; Wenske and Courtney, 1983).
n the presence of tunicamycin, gp250 was no longer
etected. Instead, a less intensively labeled glycoprotein
f 200 kDa (gp200; Fig. 3, lane 5) was secreted into the
edium. The observed shift in the apparent molecular
eight of the secreted glycoprotein in the presence of
unicamycin indicates that gp250 is N-glycosylated and
ould suggest that it carries additional posttranslational
odifications. Nevertheless, this result does not prove
FIG. 2. Autoradiography of a 10% SDS–PAGE analysis showing the
3H]mannose-labeled proteins expressed in the medium of BB cells
ransfected with plasmid pUT50EX (lanes 2 and 4) or the control
lasmid, pCMVb (lanes 3 and 5). Medium samples of transfected cells
ere taken 21 h (lanes 2 and 3) and 42 h (lanes 4 and 5) posttrans-
ection. A sample of medium from BB cells 20 h after infection with WT
CV is shown in lane 1. 14C-Labeled protein standards are shown inaane M with their apparent molecular mass (kDa).he absence of N-glycans on gp250 produced in the
resence of tunicamycin.
The supernatant fraction of WT infected BB cells la-
eled with [3H]glucosamine was treated with endoglyco-
idase F/N-glycosidase F, which hydrolyzes the bond
etween the asparagine residue and the polysaccharide.
ncubation was performed in the buffer recommended by
he supplier (Fig. 3, lane 2) or directly by adding the
nzymes to the supernatant fraction (Fig. 3, lane 4). In
hese two experimental conditions, an important shift in
he relative mobility of gp250 was observed, leading to a
rotein of 200 kDa. This N-deglycosylated protein had
he same mobility as the polypeptide detected after tu-
icamycin treatment. This result confirms the presence
f N-linked sugars on gp250. The endoglycosidase F/N-
lycosidase F-treated gp200 remained intensively la-
eled with [3H]glucosamine, indicating most likely the
resence of O-linked sugars. Indeed, it has been shown
hat glucosamine can be metabolized in cell culture into
alactosamine and sialic acid (Kornfeld and Ginsburg,
966), two sugars frequently found in O-linked glycosyl-
tion. The [3H]mannose-labeled gp250 treated with en-
oglycosidase F/N-glycosidase F could not be detected
n the autoradiogram (data not shown), confirming the
bsence of mannose residues in the O-linked sugars
robably associated with gp250 in infected BB cells.
ctive secretion of gp250
A time course analysis of secretion of gp250 was
erformed after infection of BB cells with WT CCV and
3H]mannose labeling. Then 10-ml samples of culture
edium were taken at hourly intervals from 1 h until 16 h
.i. and analyzed by SDS–PAGE and autoradiography.
he gp250 was first detected at 6 h p.i. (Fig. 4, lane 3) and
FIG. 3. Autoradiography of an 8% SDS–PAGE analysis of the glyco-
ylation of gp250 labeled with [3H]glucosamine. The supernatant frac-
ion of radiolabeled WT-infected BB cells was treated with endoglyco-
idase F/N-glycosidase F using the recommended buffer (lane 2) or
ithout buffer (lane 4). Control samples were incubated in the same
onditions but without enzyme (lane 1, in the recommended buffer; lane
, without buffer). Radiolabeled WT-infected BB cells were treated with
unicamycin, and the supernatant fraction is shown in lane 5. Lane 6
epresents the supernatant fraction of untreated radiolabeled WT-in-
ected cells. [14C]-Labeled protein standards are shown in lane M, and
heir apparent molecular mass (kDa) is indicated in the right margin.ccumulated with time in the medium of infected cells
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223CHANNEL CATFISH VIRUS GENE 50Fig. 4). The release of gp250 into the culture medium of
nfected cells was not the result of cell lysis because the
irst cytopathic effects were detectable only 8 h p.i., 2 h
fter the onset of secretion of gp250.
xpression of gp250 is regulated as a late g2 protein
The onset of secretion of gp250 at 6 h p.i. suggested
hat gene 50 was regulated as a late gene; Wolf and
arlington (1971) had shown that CCV DNA replication
egan around 4 h p.i. in BB cells. To confirm the late
xpression of gene 50, secretion of gp250 was examined
n the presence of 300 mg/ml (2 mM) of phosphonoacetic
cid (PAA; Sigma Chemical Co.), which inhibits the viral
NA polymerase (Buck and Loh, 1985). BB cells were
nfected with or without PAA and labeled for 23 h with
ritiated mannose as described previously. In the pres-
nce of PAA, neither gp250 (Fig. 5, lane 2) nor gp135 (Fig.
, lane 4) could be detected in the medium of BB cells
nfected with WT or V60 strains, respectively. This result
ndicates that gene 50 is probably regulated as a late, g2
ene.
ene 50 varies in size among different field isolates
Gene 50 is composed mainly of reiterations of related
6-, 42-, 45-, and 57-bp elements (Davison, 1991). These
epeated sequences may induce intragenic rearrange-
ents by allowing recombinational events between the
FIG. 4. Autoradiography of a 10% SDS–PAGE analysis showing the
ime course of secretion of gp250. BB cells were infected with WT CCV
m.o.i. of 2) and radiolabeled with [3H]mannose, and supernatant sam-
les were taken at hourly intervals. Lanes 1–5 correspond to 4–8 h p.i.;
anes 7–14 correspond to 9–16 h p.i. Samples of medium from BB cells
0 h p.i. with WT CCV are shown in lanes 6 and 15, and [14C]-labeled
rotein standards are shown in lane M with their apparent molecular
ass (kDa).ifferent copies of the repeat. In the V60 strain, attenu- uted by multiple passages in vitro, these events have
een favored, leading to a major deletion of most of the
epeats. To determine whether gene 50 was conserved
n different field isolates, PCR analysis was performed
sing primers allowing amplification of the entire gene
0 sequence in three case isolates of CCV (Fig. 6: lane 3,
solate 87-189; lane 4, isolate 89-304; and lane 5, isolate
0-370). As controls, gene 50 was also amplified in WT
2012 bp; Fig. 6, lane 6) and in V60 strain characterized by
1164-bp deletion in this gene (848 bp; Fig. 6, lane 2).
hese data show that gene 50 varies in size because
mall deletions are present in two of the three amplified
roducts: isolate 89-304 shows the larger deletion (;150
p) and isolate 90-370 shows a smaller deletion (;100
p). Isolate 87-189 does not show any deletion in gene
0.
To assess the effects of these deletions at the protein
evel, BB cells were infected with each viral isolate and
abeled with [3H]mannose. Supernatant fractions were
nalyzed by SDS–PAGE; results are shown in Fig. 7. Each
FIG. 5. Autoradiography of a 10% SDS–PAGE analysis showing the
lycoproteins present in the medium of infected BB cells when cells
ere incubated with (lanes 2, 4, and 6) or without (lanes 1, 3, and 5)
AA. [3H]Mannose-labeled BB cells were infected with WT CCV (lanes
and 2) or V60 (lanes 3 and 4) or were mock-infected (lanes 5 and 6).
4C-Labeled protein standards are shown in lanes M with their appar-
nt molecular mass (kDa).
FIG. 6. Photograph under UV light of a 0.8% agarose gel stained with
thidium bromide showing the DNA bands obtained after PCR ampli-
ication of gene 50 in different CCV isolates: lane 1, control PCR; lane 2,
60 strain; lane 3, isolate 87-189; lane 4, isolate 89-304; lane 5, isolate
0-370; and lane 6, Auburn (WT) strain. l DNA–HindIII fragments were
sed as molecular weight markers.
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224 VANDERHEIJDEN ET AL.train (Fig. 7: lane 3, isolate 87-189; lane 4, isolate 89-304
nd lane 5: isolate 90-370) induced the secretion of a
igh apparent molecular weight glycoprotein (.200 kDa)
n the medium of infected cells. These glycoproteins had
slightly increased mobility compared with WT gp250
Fig. 7, lane 2), even in isolate 87-189, in which no dele-
ion could be detected by PCR. Because migration of
lycoproteins in SDS–PAGE is influenced by the amount
f glycans and sialic acid residues present (Gahmberg
nd Andersson, 1982), it is possible that even point
utations resulting in a different glycosylation pattern
ould have a major impact on the migration profile of the
lycoprotein in SDS–PAGE. We detected differences in
he mobility of [3H]mannose labeled WT gp250 after
euraminidase (sialidase isolated from Vibrio cholerae;
oehringer) treatment, suggesting that gp250 carries
ialic acid residues (data not shown). Sequencing anal-
sis should be performed to detect possible mutations in
ene 50 of these isolates. Gp135 induced by V60 strain
nfection is shown in Fig. 7, lane 1. In conclusion, we
bserve that gene 50 is a variable gene that appears to
ncode a glycoprotein of conserved, high apparent mo-
ecular weight (.200 kDa) in the four virulent isolates
ested.
DISCUSSION
In this study, we characterized a secreted glycoprotein
ssociated with channel catfish virus infection. This gly-
oprotein was designated gp250 because of its apparent
olecular mass in SDS–PAGE. Our results strongly sug-
est that gp250 is encoded by gene 50, a gene predicted
o encode a secreted protein of 670 amino acids heavily
lycosylated like the mucin-type glycoproteins (Vander-
eijden et al., 1996). The coding sequence of gene 50
ontains repeated sequences and is particularly rich in
hreonine (29%), alanine (17%), glycine (11%), and proline
esidues (10%). Such typical residue composition and
FIG. 7. Autoradiography of an 8% SDS–PAGE analysis of the super-
atant fractions from BB cells infected with different isolates of CCV
nd labeled with [3H]mannose. Lane 1 indicates V60 strain; lane 2,
uburn (WT) strain; lane 3, isolate 87-189; lane 4, isolate 89-304; lane
, isolate 90-370; and lane 6, mock-infected cells. 14C-Labeled protein
tandards are shown in lane M, and their apparent molecular mass
kDa) is indicated in the right margin.rrangement in repeats are two main characteristics of lhe highly O-glycosylated mucin-type glycoproteins (re-
iewed in Strous and Dekker, 1992; Van Klinken et al.,
995). In these proteins, the repeated threonines (or
erines) provide the sites for attachment of the O-linked
ligosaccharides. The presence of small residues like
lanine, glycine, and proline favors the close packing of
ugars observed in these proteins (Jentoft, 1990). Steric
nteractions between carbohydrate and peptide within
hese clusters induce the peptide core to adopt an ex-
ended, rod-like conformation. Another direct conse-
uence of O-glycosylation is to induce a relative resis-
ance to proteases.
In addition to the signal sequence predicted to span
esidues Met1–Ser28, gp250 can be further divided into
wo main domains. The first domain (spanning Tyr29–
ro142) contains 24% Thr and 17% Pro and a single
otential N-linked glycosylation site. Although no simple
onsensus for O-glycosylation sites could be derived
rom a set of glycoproteins where O-glycosylated serines
nd threonines are known to be present, Wilson and
ansen found an increased frequency of prolines at
ositions 21 and 13 relative to both glycosylated serine
nd threonine residues (Wilson et al., 1991; Hansen et al.,
995). According to the predictive computer program of
ansen and coworkers (publicly available on the Internet
ddress http://genome.cbs.dtu.dk/netOglyc/cbsnetOglyc.
tml), 18 of 28 (64%) threonine residues in this domain
re likely to be O-glycosylated (Hansen et al., 1995). The
econd main domain of gp250 (spanning Ala143–Ala635)
s composed mainly of repeats like the amino acid se-
uence P(A/T)GAN(D/G)T, found 22 times and included
n a larger and less conserved, reiterated sequence-rich
n threonines (34%). Of 166 of these threonines, 137 (82%)
re likely to be modified with O-glycans (Hansen et al.,
995). In addition, the repeat domain possesses 34 po-
ential N-glycosylation sites. The N-linked glycans are
ot usually found closely associated with O-glycans in
ucins; however, given the presence of 34 of 35 poten-
ial N-glycosylation sites within the repeat domain, it is
ikely that this domain of gp250 possesses associated
-and N-linked sugars, like the mouse submandibular
land salivary apomucin recently characterized (Denny
t al., 1996). The presence of numerous N-linked glycans
n gp250 was demonstrated by the important increase in
elative mobility of gp250 observed in SDS–PAGE (Fig. 3,
ane 5) when infected cells were treated with tunicamy-
in, an inhibitor of N-glycosylation (Heifetz et al., 1979).
imilarly, when gp250 was labeled with [3H]glucosamine
nd treated with endoglycosidase F/N-glycosidase F,
hich removes N-glycans, we observed the same shift in
obility as with tunicamycin, both yielding a glycoprotein
ith an apparent molecular mass of 200 kDa. The pres-
nce of O-linked glycans on gp250 could be highly sus-
ected by the residual labeling of de-N-glycosylated
p250 with [3H]glucosamine but not with [3H]mannoseabeling. O-Glycans could easily account for the low
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225CHANNEL CATFISH VIRUS GENE 50obility of de-N-glycosylated gp250 relative to the cal-
ulated molecular mass of 64 kDa of the polypeptide
ackbone, as observed with HSV-1 glycoproteins (John-
on and Spear, 1983).
Mucin-type glycoproteins are found membrane bound
r secreted (Strous and Dekker, 1992). Membrane-bound
ucin-like glycoproteins can act as receptors for various
igands from selectins (Crottet et al., 1996) to hepatitis A
irus (Kaplan et al., 1996) and have been found overex-
ressed in human cancers (Chen et al., 1995). Secreted
ucins are the most abundant structural components of
ucus gel, which covers and protects the epithelial sur-
ace of the gastrointestinal, urogenital, and tracheobron-
hial tracts, as well as the integument of amphibia and
ish (Hauser and Hoffmann, 1992). Most of these mucins
orm intermolecular disulfide bridges, resulting in oli-
omers, accounting for the viscoelastic properties of
ucus. However, gp250 is not likely to form oligomers
inked by disulfide bridges because the only cysteine
esidue is located in the cleavable signal sequence.
lthough they share no sequence identity (Bobek et al.,
993), the submandibular gland salivary mucins of
ouse, rat, and human (MUC7) possess a similar resi-
ue arrangement as found in gp250. Indeed, these three
ecreted apomucins are monomeric, favor threonine as
he major hydroxyaminoacid, contain repeat domains,
nd lack a C-terminal cysteine-rich domain (Albone et al.,
994; Bobek et al., 1993; Denny et al., 1996). MUC7
unctions in part to promote the clearance of various
acteria by masking their surface adhesins and thereby
nhibiting colonization (Levine et al., 1987).
We observed important variations in the size of PCR
roducts derived from gene 50 amplification in three
ifferent CCV field isolates and in V60 strain, with the
atter passaged ;60 times in tissue culture. Although
hese variations are typical of mucin genes and are
inked to crossing-over events between internal repeated
equences (Strous and Dekker, 1992), the likely (partial)
onservation of gp250 in the V60 and field isolates might
ighlight an important function associated with this mu-
in-like glycoprotein.
MATERIALS AND METHODS
ells and virus
BB cells (CCL59; American Type Culture Collection), a
ell line derived from caudal trunk tissues of the Brown
ullhead (Ameiurus nebulosus), were grown at 28°C in
lasgow minimum essential medium (MEM; GIBCO BRL)
uffered with 23 mM Tris–HCl, pH 7.4, and supplemented
ith 4 mM sodium bicarbonate, 10% FBS, 10% tryptose
hosphate broth, 100 IU/ml penicillin, and 100 mg/ml
treptomycin. The WT strain of CCV (Auburn 1 clone A)
as obtained from American Type Culture Collection
VR-665). The attenuated V60 strain was a kind gift of J. X.
artmann (Florida Atlantic University, Boca Raton, FA). whe V60 strain was isolated after multiple passages of
he Auburn strain in a cell line established from kidney
issue of the walking catfish, Clarias batrachus (Noga
nd Hartmann, 1981). Three virulent CCV isolates, des-
gnated 87-189, 89-304, and 90-370, were isolated in
ouisiana from diseased fish by L. A. Hanson.
2-3H]-D-Mannose labeling
Confluent monolayers of BB cells in 24-well plates
ere infected with CCV (m.o.i. of 2) in culture medium
ithout FBS. Medium was removed after virus absorp-
ion (1 h at 28°C) and cells were incubated for 20 h in 300
l of MEM with Earle’s salts without glucose (GIBCO
RL), supplemented with 0.3 g/liters D-(1)-glucose, 100
U/ml penicillin/100 mg/ml streptomycin, 2 mM L-glu-
amine, and 150 mCi/ml [2-3H]-D-mannose (specific activ-
ty, 25 Ci/mmol; ICN-Flow). Infected cells were collected
ith the medium at 20 h p.i. and pelleted by a 10-min
entrifugation at 600g. The supernatant was further cen-
rifuged at 15,000g for 2 h at 4°C to pellet and remove
abeled virus. Supernatant from this last step (referred to
s the supernatant fraction in the text) was used to
nalyze secreted products. Supernatant samples were
ixed with an equal volume of 23 concentrated loading
uffer, boiled for 5 min, and submitted to SDS–PAGE
Mighty Small II electrophoresis system; Hoefer Scien-
ific Instruments) as described by Sambrook et al. (1989).
fter electrophoresis, gels were fixed in a 7% acetic acid
olution, rinsed in distilled water, and evaluated by fluo-
ography by soaking the gels in a 1 M sodium salicylate
olution in 40% ethanol, drying under vacuum, and ex-
osing MP film (Amersham, Buckinghamshire, UK) to the
els at 270°C for 1 week. The SDS–PAGE protein profile
f the labeled pelleted virus was not detected in the
upernatant protein profile, confirming efficient removal
f the virus from the supernatant fraction.
lycosylation analysis
BB cells in 24-well plates were infected with WT CCV
s described above. Medium was removed after virus
bsorption, and cells were incubated in 300 ml of label-
ng medium [MEM with Earle’s salts without glucose,
upplemented with 0.3 g/liters D-(1)-glucose, 100 IU/ml
enicillin/100 mg/ml streptomycin, 2 mM L-glutamine,
nd 30 mCi/ml [6-3H]-D-glucosamine (specific activity, 23
i/mmol; Amersham)]. For the tunicamycin experiment,
e added 3 mg/ml concentration of a stock solution of
unicamycin (Sigma Chemical Co.) prepared in 50% eth-
nol–water. At 22 h p.i., cells and virions were removed
rom the medium by successive centrifugations (see
bove). For the deglycosylation experiment, 10-ml me-
ium samples were submitted to endoglycosidase F/N-
lycosidase F (Boehringer) treatments by adding 10 ml of
ecommended buffer and 0.05 unit of enzyme mixture or,
ithout buffer, by adding directly 0.05 unit of enzyme
m
w
a
D
o
5
u
f
a
f
a
B
T
w
(
T
t
b
r
u
p
U
b
i
v
c
m
l
f
c
T
p
b
t
P
f
m
c
M
w
m
t
t
y
O
p
i
a
p
w
[
t
w
b
P
A
G
C
g
c
g
a
T
m
3
q
1
1
6
(
p
w
f
s
t
R
s
s
h
w
t
U
A
A
B
B
B
B
226 VANDERHEIJDEN ET AL.ixture to the 10-ml medium sample. These samples
ere incubated for 16 h at 37°C, and a 10-ml aliquot was
nalyzed by SDS–PAGE and autoradiography.
NA cloning and plasmids
CCV genomic DNA was purified as described previ-
usly (Vanderheijden et al., 1996) and digested 2 h at
0°C with MaeII (Pharmacia, Sweden). Digestion prod-
cts were run on a 0.7% agarose gel, and the 2097-bp
ragment encompassing ORF50 was purified from the
garose gel (Geneclean; Bio 101, Vista, CA). The MaeII
ragment was ligated to pSP73 (Promega, Madison, WI)
fter digestion of this plasmid with ClaI (Eurogentec,
elgium) and dephosphorylation using BAP (Amersham).
he resulting cloning intermediate, pSP50, was digested
ith BglII (Eurogentec), treated with Klenow enzyme
Boehringer), and further digested with SalI (GIBCO BRL).
he fragment containing ORF50 was purified and ligated
o expression vector pUT636 (Cayla, France), which had
een digested with Eco72I (Eurogentec) and SalI. In the
esulting plasmid, designated pUT50EX, ORF50 is placed
nder the control of the HCMV immediate–early gene
romoter/enhancer and the SV40 polyadenylation signal.
sing restriction enzyme analysis and PCR (described
elow), we verified that the size of the cloned ORF50 was
dentical to that of viral ORF50, confirming that no size
ariation was introduced in the reiterated regions of the
loned ORF50 by recombination in Escherichia coli. Plas-
id pCMVb (MacGregor and Caskey, 1989), a mamma-
ian reporter vector designed to express b-galactosidase
rom the same promoter, was used as a transfection
ontrol and is from Clontech (Palo Alto, CA).
ransfections
The plasmids used for transfection experiments were
urified by equilibrium centrifugation in CsCl–ethidium
romide gradient and removal of residual RNA by cen-
rifugation through 1 M NaCl (Sambrook et al., 1989).
lasmid DNA was further extracted by phenol–chloro-
orm and concentrated by ethanol precipitation. Then 10
g of purified plasmid was mixed in an electroporation
uvette with 2 3 106 trypsinized BB cells in 400 ml of
EM with Earle’s salts without glucose, supplemented
ith 0.3 g/liters D-(1)-glucose, 100 IU/ml penicillin/100
g/ml streptomycin, and 2 mM L-glutamine. To optimize
ransfection efficiency, different pulse conditions were
ested in BB cells first with pCMVb, to obtain maximum
ields of b-galactosidase activity, quantified by the
NPG assay (Sambrook et al., 1989). One optimized
ulse condition (a single pulse of 1200 mF, 240 V, and
nfinite resistance; Easyject1; Eurogentec) was chosen
nd used for pUT50EX transfection. Directly after the
ulse, 500 ml of labeling medium was added to the cells,
hich were distributed in 3 wells of a 24-well plate.2-3H]-D-Mannose (25 mCi) was added to each well, and Che plates were incubated at 28°C. Supernatant samples
ere taken at 21 and 42 h posttransfection and analyzed
y SDS–PAGE and autoradiography.
CR analysis of the field strains
Two primers (forward, 59-AACTGCAGCCACCATGGA-
TTACTTGTAGTG-39; reverse, 59-ACGCGTCGACTTACC-
CCTGGCTCCACTCT-39; the homology regions with the
CV genome are underlined, and A and T correspond to
enome positions 64448 and 62436, respectively) were
hosen on the Auburn strain DNA sequence to amplify
ene 50 of three virulent CCV isolates (87-189, 89-304,
nd 90-370) by PCR using the procedure described by
eissier et al. (1991) and modified as follows. Samples of
edium from infected BB cells were incubated for 2 h at
7°C with 50 mg/ml proteinase K, which was subse-
uently inactivated by heating the samples for 10 min at
00°C. PCR was performed using 5 ml of viral sample,
00 pmol of each primer, 200 mM dNTPs, 1.5 mM MgCl2,
% DMSO, Taq buffer [75 mM Tris–HCl, pH 9.0, 20 mM
NH4)2SO4, 0.01% Tween 20] and 2 units of GoldStar DNA
olymerase (Eurogentec). Thermal cycling conditions
ere 94°C for 2 min, 48°C for 2 min, and 72°C for 2 min
or 30 cycles (Thermojet; Eurogentec).
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